Wheat plants were grown in field plots of 3×3m area. After growth period of two months, the growing plants were sprayed with dimethoate and pirimicarb at the recommended dose. Spraying was repeated after a further 45 days. Plant samples were taken at intervals of zero, three, six, nine, 12 and 15 days after each application. A gradual and continuous degradation of the applied pesticides had taken place in the treated wheat shoots up to the end of the experiment. However, dimethoate showed more residues and persistence rather than pirimicarb. The break down and metabolism of the applied pesticides was correlated with some biochemical changes in the sprayed plants. Sampling dates of three and six days after application were the most critical periods to affect plant metabolism. A decline was noticed in chlorophyll, sugars and carbohydrates, total proteins and RNA content of wheat shoots as a function of the applied pesticides. Free amino acids were accumulated in the sprayed plants, meanwhile the DNA content did not show observable changes as a consequence of the applied pesticides treatment.
Introduction
The expanding use of pesticides for protecting crops against pests and disease attack is an important part of the modern agriculture. Pesticides are intentionally toxic substances because of their utilization purposes. Reports emanating from areas in which these chemicals are used have shown that besides pathogens and pests, many other organisms have fallen victim to particular application. In this connection, Koeman (1979) mentioned that the most obvious side effects of these toxicants are: more or less wholesale mortality of many animals and plant species, changes in the abundance of species and the diversity of ecosystems, and a reduction in the productive potential of natural resources and non-target species.
Additionally, some researchers reported that the utilization of pesticides for crops protection was accompanied by the appearance of some toxic and inhibition impacts on plant growth. These effects range from a slight growth inhibition to a deleterious morphological disturbance for all the plant or particular organs. Cartwright (1976) and Ashton and Crafts (1981) mentioned that pesticides caused deleterious alteration in cell division, cell enlargment and tissue differentiation. These undesirable effects might lead to growth inhibitions, epinasty, formative effects, albinism and also could reduce cuticle formation as demonstrated by Van Andel et al. (1976) and Anbudural et al. (1986) . In addition, leaf chlorosis, which is followed by necrosis, a common response of plants, could be treated with the photosynthesis inhibiting pesticides (Adhya et al., 1981; Moorthy et al., 1992) . Naturally, the above mentioned morphological changes and hazardous impacts resulting from pesticide utilization should be due to a disturabance in the physiological processes and metabolic pathways in plants. Previous studies indicated an inhihition in the synthesis of photosynthetic pigments, a decline in carbohydrates and sugars content as well as a disturbance in the metabolism of proteins and nucleic acids content of the pesticides treated plants (Moorthy et al., 1992; Shams El-Din et al., 1995; Wong and Change, 1988) .
The present work investigated the biochemical response of wheat plants to the application of either dimethoate or pirimicarb. 
Materials and methods

Insecticides
Field experiment and pesticides application
Wheat seeds (Triticum aestivum L. cv. Heines Koga II) were sown in field plots of 3 × 3m area. After growth period of two months, the growing wheat plants were treated with the individual insecticides at the above mentioned rates. For each pesticide, three plots were used and distributed in a completely randomized design. Spraying was repeated once more after 45 days from the first application. Representative samples were randomly collected from the treated and non-treated wheat plants one hour after application (zero time) and then at intervals of three, six, nine, 12 and 15 days. The obtained samples were divided into shoots and roots and placed in a deep freezer at 18°C until analysis.
Determination of pesticide residues
Pesticide residues were extracted according to the procedures of Steinwandter (1985) . Samples were extracted by blending with acetone and salting out with sodium chloride.
[ 189 ] Then, n-hexane was added and the mixture was blended again. The organic phase was concentrated under vacuum to 2-3ml. The reduced extracts were cleaned up over silica gel, evaporated to dryness and then transferred quantitatively to 10ml volumetric flasks and brought to volume with n-hexan to be used for GC determination. A PYE unicam series equipped with N/P detector and pyrex glass column packed with OV.17 on 80/100 mech chromosorb was used for determination of pesticides residue. The temperature used was 260, 250 and 265°C for injection, column and detector respectively.
Determination of chlorophyll content
Chlorophyll content of wheat shoots was extracted using 96 per cent ethanol on 80°C and estimated according to the equations of Wintermans and Mots (1965) .
Carbohydrates and sugars analysis
Total carbohydrates were determined following hydrolysis using 1 N sulphuric acid in sealed tubes in an electric oven at 100°C for 24h. Total soluble sugars were extracted by 85 per cent ethanol using soxhelt apparatus for 6h. Total hydrolyzable carbohydrates and soluble sugars were estimated using the method described by Dubois et al. (1956) . Reducing sugars were determined in the ethanolic extract using the AOAC method (1985) .
Determination of total proteins and free amino acids content
Total free amino acids were estimated in the ethanolic extract using the method of Dot et al. (1981) . Total N and crude proteins were estimated using the usual micro-Kjeldahl method (AOAC, 1985) .
Determination of nucleic acids content
RNA and DNA were extracted according to the method described by Ogur and Rosen (1950) . The UV absorption of both RNA and DNA solutions was measured at 260 and 280nm.
Results and discussion
Pesticides residues
Degradation behaviour of both dimethoate and pirimicarb in the treated wheat shoots is illustrated in Table I . Dimethoate showed initial residues of 27.35 and 25.34 ppm after the first and second application respectively. After three days of application, a sharp decline occured since more than 50 per cent of the applied parent compound was degraded. Further degradation occured during the next sampling dates, however, it was slower during the later periods when compared with the earlier ones. Only 0.09ppm of the applied insecticide was detected in wheat shoots after 15 days of application with regard to the first spray, however, it was undetectable after the same time for the second application. Comparing rate of dimethoate break down after the imposed applications, it was apparent that rate of pesticide degradation was relatively higher after the second spray as compared with the first one. Naturally, this observation should be attributed to the physiological status and the developmental growth stage of the treated plants after each spray.
On the other hand, initial amounts of pirimicarb were 12.86 and 10.86ppm after the first and second spray respectively. Metabolic degradation of pirimicarb during the experiment course exhibited nearly similar trends as those observed for dimethoate. Fast degradation was recorded during the earlier sampling dates and a slower rate was noticed for the later intervals. On the other hand, the carbamate insecticide under investigation became undetectable in the treated wheat shoots after 15 and 12 days of application with concern to the first and second spray respectively. Again, rate of pirimicarb decomposition was comparatively higher in the sprayed wheat shoots collected after the second application rather than those of the first one.
For both dimethoate and pirimicarb, no residues could be detected in wheat roots during the studied periods after application. This indicates that there was no downward translocation from the shoots and also no penetration from the accumulated residues on soil surface to the growing roots had occurred.
Comparing dates of both the studied pesticides residues in wheat shoots revealed that dimethoate has higher concentration rather than those of pirimicarb. In addition, dimethoate showed more persistence and less degradation as it could be estimated in plant tissues for longer time rather than pirimicarb.
Results of the present work are in agreement with relevant studies conducted earlier. Thus, Szeto et al. (1985) found that total residues of dimethoate and pirimicarb applied to asparagus were decreased by about 90 per cent after seven days of treatment and the decline became at a slower rate thereafter. Cabras et al. (1991) mentioned rapid degradation for pirimicarb applied to lettuce and it became detectable five days after treatment. Xiaohong et al. (1992) reported a rapid decline of dimethoate in ears and leaves of wheat as it recorded a half life of 1.85 and 1.93 days respectively. Recently, Frost and Abo-El-Seoud (1997) found that radioactive pirimicarb was depleted to 16.79 per cent of the initial dose after seven days of application to wheat shoots.
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Chlorophyll content
Data presented in Table II demonstrate the impact of studied pesticides on the chlorophyll content of wheat shoots. Application of either dimethoate or pirimicarb resulted in a decline in chlorophyll "a", chlorophyll "b" and consequently total chlorophyll content. However, magnitude of this decline depended mainly on the lapse of time after each application. In this consideration, the lowest values of chlorophyll content were recorded in samples taken after three and six days of the first and second application respectively. That holds true for either dimethoate or pirimicanb. Samples collected after nine and 12 days of spray showed a slight recovered increase in their chlorophyll content rather than those of the earlier intervals, but it was still slightly less than the untreated control. Chlorophyll content of the treated wheat shoots harvested 15 days after application showed more or less similar values to the unsprayed plants. Thus, it could be concluded that the deleterious effect of the used pesticidal chemicals on chlorophyll was detected in the earlier sampling dates and started to disappear gradually in the later periods.
On the otherhand, data exhibit that dimethoate had more pronounced effect to decline the chlorophyll content of the sprayed wheat shoots as compared with pirimicarb. In this regard, the magnitude of decline as a function of the used agrochemical after six days of spray was 28.2 and 19.2 per cent for the first application, however, it was 18.2 and 15.9 per cent for the second application with regard to dimethoate and pirimicarb respectively. The observable inhibition impact of the studied insecticides on chlorophyll content of wheat shoots during the first periods after treatment might be due to a disturbance effect on the pigment's biosynthesis.
The influence of foliar application of pesticides on the green pigments content of the treated plants was discussed in some previous studies. Hassan et al. (1978) noticed a decline in chlorophyll content of cotton plant leaves treated with some organophosphorus insecticides. Afifi and El-Ballal (1982) mentioned that the insecticides sumithion and dursban had the capacity to cause more reduction in chlorophyll content of broad beans' leaves rather than dimethoate and gardona. In addition, Wong and Chang (1988) demonstrated that dimethoate and other insecticides inhibited the growth and chlorophyll content of alga. Recently, Shams-El-Din et al. (1995) mentioned a decline in chlorophyll content of cabbage plants as a function of some organophosphorus application. On the other hand, an increase in chlorophyll content resulted in some plants due to the application of some pesticides as mentioned by Fais (1988) on leaves of novel organes as treated with prothiofos, while both malathion and prothiofos did not induce any significant effect on baladi oranges leaves. Thus it could be deduced that the effect of pesticides on plant chlorophyll content is variable and it depends mainly on the applied substance, the treated plant as well as the plant growth stage and method of pesticide application.
Carbohydrates and sugars content
Effects of foliar application of the investigated insecticides on carbohydrates and sugars content of wheat shoots are demonstrated in Table III . Total carbohydrates were depleted in the sprayed wheat shoots in response to the used pesticides up to 12 days after application. However, the magnitudes of this decline depended on harvest time after spraying. In this consideration, the maximum recorded depressant in total carbohydrates content was noticed with sampling date of six days after application. Then, it started to increase again to the normal level up to the end of the experiment. The reduction in total carbohydrates after six days of the spray was 12.9 and 8.6 per cent after the first application, and 11.1 and 8.7 per cent after the second application with regard to dimethoate and pirimicarb respectively. Thus, it could be concluded that dimethoate was more effective to depress total carbohydrates content rather than pirimicarb. Total soluble sugars and reducing sugars content exhibit the same trend and behaviour during the designed sampling dates after the imposed pesticides application. Sampling date of six days after spraying showed the most pronounced depletion in soluble and reducing sugars content of wheat shoots treated with the tested pesticides. Again, the obtained decrease in sugars content was more observable under treatment of dimethoate.
The noticeable decrease in carbohydrotes and sugars content of wheat shoots in relation to the applied pesticides might be due to the disturbing influence of such toxicants on the enzymes involved in the metabolic pathways of the above mentioned components. A decrease in sugars and carbohydrates in the pesticides-treated plants was mentioned earlier in relevant studies. Gomaa et al. (1976) reported that dimethoate had reduced total carbohydrates and its fractions in the sprayed pea plants. Fais (1988) demonstrated that prothiofos and malathion significantly reduced total carbohydrates in fruits of navel and baladi oranges. Furthermore, Shams-El- Din et al. (1995) found a depletion in sugars and carbohydrates content in the pesticidestreated cabbage leaves. Malathion induced the maximum decline followed by prothiofos and pirimiphos-methyl.
Free amino acids and total proteins content
Free amino acids showed considerable accumulation in wheat shoots under stress of the imposed pesticides (Table IV) . In this concern, the obtained increase in free amino acids was clearly noticed three days after pesticide application and up to the end of the experiment. However, the maximum free amino acids accumulation as a result of the applied insecticides was recorded during the intermediate sampling dates of six and nine days, after the first and second application respectively. In this concern, percent of maximum increase was 145.6 and 128.8 per cent after six days of the first spray, however, it was 173.9 and 157.3 per cent after nine days of the second appliction for dimethoate and pirimicarb respectively. No regular variation could be detected between both dimethoate and pirimicarb concerning their capacity to accumulate the free amino acids in the treated wheat shoots. Shams-El-Din et al. (1995) studied the effect of some organophosphorus insecticides on free amino acids content of cabbage plants. No apparent impact could be detected in values of free amino acids content as exerted by malathion, however, a decline was recorded with both pirimiphos methyl and prothiofos. On the other hand, free amino acids tend to be accumlated in plants under stress of unfavourable environmental conditions and this accumulation could be considered as an adaptor factor for such conditions (Abo-El- Seoud et al.1990; Abo-El-Seoud and Hashim, 1994) . Thus, the obtained increase in free amino acids content in the present work might have a beneficial effect to face the toxic and undesirable impacts of pesticids on the treated plants.
On the other hand, total proteins content of wheat shoots showed some depletions as a function of the imposed insecticides up to 12 days after application. However, this decline was more pronounced with an interval of six days of either dimethoate or pirimicarb application. Sampling dates of nine and 12 days after application exhibited gradual recovered increase in total proteins content of the treated wheat shoots, but it was still less than that of Comparing the effectiveness of the applied pesticides to affect protein content of the treated plant, it could be inferred that dimethoate has more capicity to decrease protein content rather than pirimicarb. For instance, the magnitude of decline recorded with the sampling date of six days after the first application was 13.9 and 7.4 per cent, meanwhile it was 12.6 and 8.93 per cent after the same interval of the second application for dimethoate and pirimicarb respectively. The present depression in total protein content coincides with the findings of Gomaa et al. (1976) on pea plants treated with dimethoate. Similarly, Rozek and Marecrek (1981) reported that dimethoate and malathion declined leaf protein content of pea plants. In a recent investigation Shams-El-Din et al. (1995) studied the effect of consequent applications of pesticides on protein content of the treated cabbage leaves. Total protein content showed an increase after the first application in response to both malathion and prothiofos. However, all the used pesticides decreased protein content of the treated cabbage leaves after the second and third application.
Nucleic acids content
RNA and DNA content of wheat shoots as affected by dimethoate and pirimicarb spraying is presented in Table V . RNA content was decreased during the intermediate sampling dates due to the utilization of the studied pesticides. Again, a sampling date of six days after spray was the most critical period to reduce RNA content of the treated plants. The inhibition impact of the applied agrochemical on RNA content of treated plants started to disappear from sampling date of nine days and up to the end of the experiment. On the other hand, no detectable variations could be induced in the DNA content of wheat shoots as far as the influence of the sprayed insecticides was considered. Only a simple fluctuation could be observed. In other words, DNA content exhibited fixed phenomenon toward the used insecticides. RNA/DNA ratio showed a light decrease during the intermediate intervals after application due to the depression in the RNA level. Literature showed that very limited work was conducted regarding the impact of pesticides' foliar application on nucleic acids. Perepelenko (1987) showed that dimethoate affected nucleic metabolism in cotton seedlings via the change in chromosome aberration frequency. As a general conclusion, it could be mentioned that the applied insecticides were gradually declined and decomposed during the designed sampling dates after application. The degradation of the sprayed insecticides was accompanied by some biochemical changes in the treated wheat shoots. Sampling dates of three and six days after application were the most critical periods to induce some disturbances in the plant metabolism. The later sampling dates showed regular change of the determined chemical constituents to the normal levels. Thus, it could be concluded that the impact of the used pesticides on the 
